Three cases of CSF rhinorrhoea due to pituitary tumours are reported and the literature reviewed. The treatment of choice appears to be trans-sphenoidal exploration of the pituitary fossa with insertion of a free muscle graft followed by radiotherapy. The probability of the tumour being a prolactin-secreting adenoma is discussed.
Introduction
Cerebrospinal fluid (CSF) rhinorrhoea constitutes a rare but difficult clinical problem and may be easily overlooked in the absence of a history of trauma. Significant advances in the treatment of secreting pituitary adenomas by trans-sphenoidal microsurgical techniques have been made and the otolaryngologist is now in a stronger position to assist his neurosurgical colleagues.
The purpose of this paper is to report three cases of CSF rhinorrhoea due to pituitary tumours and to discuss the aetiology and management of non-traumatic CSF leaks in the light of recent developments in endocrinology, pituitary microsurgery and radioisotope scanning techniques.
-
Case reports
Case 1: A 41-year-old male presented with a six-month history of profuse bilateral rhinorrhoea, worse on bending and causing coughing on lying down. He had been treated unsuccessfully for vasomotor rhinitis for the previous three months. There was no history of allergy, headache, visual disturbance or any past history of head injury, but he complained of loss of libido and impotence. Clinical examination of the nose was normal but on bending forward he produced 200 ml of clear fluid within 15 minutes from both nasal cavities. Biochemical analysis showed this to contain 3.5 mmol/l of glucose and 0.19 g/I of protein. There were no abnormal neurological signs and visual fields were full. Skull and sinus X-rays showed enlargement of the pituitary fossa with erosion of the dorsum sellae and a fluid level was present in the sphenoidal air sinus. An air encephalogram revealed 2.5 ern upwards extension of tumour. The serum prolactin was greater than 1200I1g/1 (normal 3-15I1g/l), but pituitary function tests and gonadotrophin levels were otherwise normal. A trans-sphenoidal exploration of the pituitary fossa was carried out by the combined transethmoidal and nasal technique. The sphenoidal air sinus contained prolapsed dura and the pituitary fossa was filled with soft pulsating tumour which was incompletely removed. Histology showed the' features of an invasive pituitary adenoma. In view of incomplete removal of the tumour, the pituitary area was irradiated with 4000 rad. The CSF leak ceased postoperatively and apart from one episode of meningitis the patient made an uneventful recovery. Although serum prolactin levels one year later have remained elevated (greater than 128I1g/1), the patient's reproductive capacity has been restored and he has fathered a child.
Case 2: A 28-year-old Indian female presented with a three-month history of persistent rhinorrhoea and headaches not responding to antihistamines. She had been investigated eight months previously for secondary amenorrhoea and galactorrhoea of five-years' duration. This was associated with loss of libido, gain in weight and one episode of galactorrhoea. At that time she had a serum prolactin of 63 Jlg/l. Pituitary function tests and gonadotrophin levels were otherwise normal. X-rays of the pituitary fossa showed a fluid level in the sphenoid air sinus and tomograms showed partial destruction of the posterior clinoid process and a defect in the floor of the sella. Biochemical analysis of the nasal fluid showed this to contain 5 mmol/l of glucose and 0.1 gil of protein. There were no abnormal neurological signs and visual fields were normal. An air encephalogram and bilateral carotid angiograms were normal.
A left frontal craniotomy with exploration of the anterior cranial and pituitary fossae were carried out. The chiasmatic cistern was voluminous and the sella empty, but no evidence ofa pituitary or parasellar tumour could be found. A muscle graft was placed in the sella and a fascia lata graft placed over the cribriform plate. The early postoperative period was uneventful, but three weeks later CSF rhinorrhoea recurred. A further air encephalogram showed splaying of the anterior recess of the third ventricle and a soft tissue mass in the interpeduncular cistern. A trans-sphenoidal exploration of the pituitary fossa was carried out revealing a defect in the roof of the sphenoid sinus through which thickened dura was prolapsing. Tumour tissue was incompletely removed from the pituitary fossa and a muscle graft inserted. Postoperatively, a left lateral rectus palsy was noted but rapidly recovered.
Histological examination revealed an invasive chromophobe adenoma of the pituitary. Because of incomplete removal 6000 rad was given to the pituitary area. The patient was discharged without further CSF leakage, but serum prolactin levels have remained elevated.
Case 3: A 38-year-old man was referred with a 17-month history of persistent bilateral rhinorrhoea and three episodes of meningitis. Four months previously a frontal craniotomy had failed to disclose any cause for the CSF leak. Neurological examination, visual fields, pituitary function tests, serum prolactin and gonadotrophin levels were normal. Tomograms of the sella turcica showed enlargement with erosion of its floor and a fluid level in the sphenoidal air sinus. A CAT scan showed a mild internal hydrocephalus for which a ventriculoperitoneal shunt was carried out. Three weeks later a trans-sphenoidal hypophysectomy was performed and the sphenoid sinus was found to be full of soft tumour which was eroding the basisphenoid. This was incompletely removed and a muscle graft was inserted.
The ventriculoperitoneal shunt was temporarily occluded postoperatively, but after a recurrence of a CSF leak and deterioration in the patient's condition due to increasing hydrocephalus it was re-established. The pituitary fossa was irradiated with 3840 rad, Histology was compatible with an invasive chromophobe and the patient returned home. No further CSF leakage has occurred.
Historical review
Galen's belief that the nose was the normal excretory pathway for CSF was accepted until 1655 when Schneider finally showed there was no free communication between the nose and the ventricles of the brain (St Clair Thompson 1899) . Willis (I 676) and Morgagni (1762) were amongst the first to recognize the abnormal passage of CSF· from the nose. The first case confirmed at post-mortem was described by Miller (I826) in a patient with communicating hydrocephalus. Tillaux (1877) recorded the first case of rhinorrhoea which was proven by chemical analysis to be CSF.
In his monograph of 1899, St Clair Thompson reviewed the literature to date and included one case of his own. He introduced the concept of spontaneous CSF leaks from the nose but could only substantiate 9 of his 21 cases. The aetiology was confirmed in only 3 cases: congenital hydrocephalus (Leber 1883); pituitary 'swelling' (Gutsche 1895); and defects in the cribriform plate dura (Mermod 1896) . Cairns (l937) subdivided CSF rhinorrhoea into four groups: acute traumatic, delayed post-traumatic, those following nasal surgery, and" spontaneous. Coleman & Troland (1947) suggested a separate clinical entity of 'Idopathic', 'True' or 'Primary' CSF rhinorrhoea in cases in which a lesion could not be found, but Ommaya et a/. (1968) could not find any in their series that would fit such a definition and more accurately labelled all spontaneous cases by the term 'non-traumatic': this classification is based on an analysis of the literature and case histories of 20 patients (Figure 1 ).
Aetiology of non-traumatic rhinorrhoea
A review of the literature has revealed 372 cases of non-traumatic CSF rhinorrhoea. In only 176, however, could the aetiology be established by surgical observation, histology and postmortem examination (Table 1) . Ommaya et al. (1968) divided non-traumatic CSF rhinorrhoea into high pressure and normal pressure groups. In the high pressure group the leak occurs in an anatomically weak area of the skull ('indirect'), whilst in the normal pressure groups the leak is due to local erosion ('direct'). Although the CSF pressure will give an indication of the mechanism of leakage, intracranial tumours can cause leaks by either method. In addition, there is considerable overlap at all levels of this classification. The onset of post-traumatic CSF rhinorrhoea may be considerably delayed and placed in a non-traumatic group (Hingorani 1971) ,or minor trauma may precipitate a leak through a congenital abnormality (Du Boulay 1965) . A revised classification is therefore proposed, dividing non-traumatic rhinorrhoea into neoplastic and non-neoplastic groups, thus simplifying its management ( Figure 2 ). However, drainage of CSF is not pathognomonic of a fistula into the frontal or ethmoidal sinuses (Dandy 1944) and it may occur through the mastoid bone into the middle ear then through the Eustachian tube. Many cases of CSF rhinorrhoea due to leakage from the Eustachian tube have been described and are outside the scope of this paper.
Neoplastic
Non-pituitary intracranial tumours: Tumours not arising from pituitary tissue will only rarely cause rhinorrhoea if CSF pressure remains normal. Intracranial tumours are, nevertheless, responsible for the majority of CSF leaks (Table 2) , the fistula being frequently situated between the frontal hom of the lateral ventricle and the paranasal sinuses or the cribriform plate. In a series of 19cases associated with a high CSF pressure, 13 had histologically proven neoplasms and 12 of these were below the tentorium cerebelli (Scheckter et al. 1969) .
symptoms of raised intracranial pressure were present for many years before the onset of the leak and meningitis was a common feature. The fistula may act as a release mechanism, closure of which would precipitate a fatal rise in the intracranial pressure. Macdonald 1945 , Love& White 1960 , Scheckteret 01.1969 Holmes & Sargent 1927, Macdonald 1945 , Cloward& Cunningham 1947 , Gotham et 01.1965 Cushing 1927 , Cairns 1937 , Baker& McLean 1941 , Adson 19410, Macdonald 1945 , Morley & Hetherington 1957 Souques & Odier 1917 , Cushing 1921 , Locke 1926 , Barrett 1927 , Ommayaet 01. 1968 , Scheckteret 01. 1969 Wollenberg 1898, Perot 1941 , Macdonald 1945 , Scheckteret 01.1969 Britt 1935 , Cairns 1937 , Ommayaet 01.1968 Beclere 1928 , Britt 1935 Meyer 1903 Herbst 1948 Vigouraux 1908 Ommayaet 01. 1968 Pituitary tumours: Norsa (1953) concluded that CSF rhinorrhoea is more often associated with pituitary tumours than any other intracranial tumour. 34 cases of pituitary tumours have been recorded in the literature, although only 12 of these have been confirmed histologically or at operation (Table 3) . Although Baxter described a case in 1881, Gutsche (1895) was the first to present definite post-mortem evidence.
Pituitary tumours with preoperative rhinorrhoea diagnosed on clinical and radiological grounds alone have been described by Baxter (1881) , Komer (l898), Bregman (1907) , Shea (1938), Adson (1941 a), Macdonald (1945) and Anderson et al. (1961) . One craniopharyngioma (Roberts 1930) and four pituitary cysts (Berg 1891, Matzdorff 1925 , Smith & Walter 1931 , Floyd et al. 1970 ) have been reported. CSF rhinorrhoea after surgery, radiotherapy or yttrium implantation to the pituitary fossa is not an uncommon event (Shea 1938 , Kay et al. 1950 , Ommaya et al. 1968 , Bateman 1966 and may occur many years after therapy (Teng & Papatheodorou 1965 , Ommaya et al. 1968 . A high CSF pressure can lead to a leak through the cribriform plate (Mankowsky 1929 , Gutsche 1895 , Smith & Walter 1931 , Graham 1937 , Som & Kramer 1940 , Ommaya et al. 1968 or through the sella itself (Boyd 1910 , Ommaya et al, 1968 . Pituitary tumours rarely produce a leak by direct erosion with a normal CSF pressure, even if nasopharyngeal extension occurs. In a review of Cushing's patients, Henderson (1938) found that 2.4% out of 334 patients had nasopharyngeal extensions but none developed rhinorrhoea.
The 'chromophobe stroma' was first described in 1912 by Cushing, who used the term to distinguish endocrine tumours producing hypopituitarism from those producing endocrine abnormalities (Jefferson 1940) . None of the patients listed in Table 3 had endocrine abnormalities, but at least 3 (Friedman 1932, Graham 1937 , Norsa 1953 had clinical features of hypopituitarism.
'Non-tumorous' enlargement was first described by Busch (1951) in a group of patients who presented clinically with headaches, visual disturbances and endocrine abnormalities in association with an empty sella. The empty sella syndrome is associated with pituitary adenomas (Kaufman & Chamberlain 1972), craniopharyngiomas (R A Williams, personal communication) and is also described after surgery, yttrium 90 implantation, and high-dose irradiation (Norsa 1953 , Brisman et al. 1969 , Olson et al. 1972 , Weiss et al. 1973 . A deficient diaphragma sella, which would permit arachnoid to herniate through and allow the continuous CSF pulsations to erode the floor of the sella, is the most likely cause of the CSF leak (Kaufman & Chamberlain 197i).
Non-neoplastic
Congenital abnormalities: Minor trauma (du Boulay 1965), or a sudden persistent rise in intracranial pressure (Britt 1935 , Graham 1937 , Gotham et 01. 1965 , can force open an anatomical defect not previously apparent (Juarcgg 1936) . Several such abnormalities have been described (Table 4) .
Many of the defects are minute and occur through deficiencies in the cribriform plate or ethmoidal areas. Love & Gay (1947) described a leak from a patient with a congenital cribriform plate defect which was precipitated by an upper respiratory tract infection. Locke (1926) mentioned one case in which the embryonic ventricular lumen of the olfactory bulb had been maintained into adult life allowing a fistula into the nose to occur. , Raskind 1965 , Hingorani 1971 Wrai 1907 , Loftus 1923 , Voena 1959 Beauchamp & Benjamin 1951 , Harpman 1957 Focal atrophy: There is a close anatomical relationship between the nasal mucosa and the anterior cranial fossa dura, the two being separated by a distance of approximately 1.1 mm (O'Connell 1964) . Furthermore, the subarachnoid space is prolonged through the foramina of the cribriform plate. CSF has been shown to drain into the lymphatic vessels of the nasal mucosa (Weed 1914) , and dye injected into the nasal cavity of rabbits has been found along the olfactory nerves (Clarke 1929). Coleman & Troland (1947) reviewed 10 cases from the literature in which no congenital abnormality could be found. The leakage of CSF occurred along the olfactory nerves without any sign ofa dural or bony defect. They also described 3 of their own patients in whom closure of the cribriform plate with a suitable material stopped further leakage (Cloward & Cunningham 1947 , Kleinfeld et al. 1950 , Kahn 1951 , Oldberg 1954 , Troland 1960 .
. Rand (1953) suggested two possible events: either dysplasia of cartilage and bone with dehiscence or enlargement of one or more of the foramenae of the cribriform plate allowing arachnoid herniation to occur; or dysplasia of the membranes around the olfactory nerves in the cribriform plate forming a minute meningocele with secondary pressure atrophy of the bony foramenae. .The concept of focal cerebral atrophy was first described by O'Connell (1964) , who put forward an hypothesis to explain primary spontaneous CSF rhinorrhoea. When as a primary event the olfactory bulb or the pituitary gland atrophies, full exposure to fltlctuations ofCSF pressure up to 110mm H 20 occurs (normal pressure varies from 70 mm-180 mm H 20), and produces distension of a meningeal pouch to the point of rupture. This mechanism may account for some of the non-traumatic cases in the older age group with a normal CSF pressure (Nussey 1966) . Minor degrees of congenital meningeal or meningocerebral hernia can act as a potential pathway in the anterior skull base and present in adult life, so that congenital anomalies may even playa role within the concept of focal atrophy.
The leak has in some cases immediately followed an upper respiratory infection (Fox 1933 , Wessels 1939 ) and in two hyperostosis frontalis interna was noted, although this may have been a coincidental finding (Titche 1941 ,Ameriso 1942 . O'Connell (1964) described 2 cases and Ommaya et al. (1968) found 4 patients out of a total of 19 with CSF rhinorrhoea, 3 of whom had leaks in the sella area and one through the cribriform plate.
.The CSF pressure in childhood is considerably lower (normal 45 mm -90 mm H 20, Levinson 1929) , and an ence~halocele is the only lesion that has been shown to produce nontraumatic CSF rhinorrhoea In childhood (Ommaya et al. 1968 ).
Hydrocephalus: Five cases of congenital communicating hydrocephalus with CSF leaks have been described (Miller 1826 , Leber 1883 , Groh 1888 , Johnston 1926 . Two cases of acquired hydrocephalus due to arachnoiditis (Shea 1938 ,Macdonald 1945 ,one due to aqueduct stenosis (Scheckter et al. 1969) , and another due to Arnold-Chiari malformation (Youngs & Peyton 1953) have been reported.
Osteomyelitis: Osteomyelitis of the paranasal sinuses of the base of the skuIl is a rare condition. However, a total of 12 cases involving the cribriform plate, the ethmoidal or sphendoidal sinuses have been described, including 4 due to syphilis (Johnston 1926 , Learmonth 1929 , Plunket & Lendrum 1935 , Som & Kramer 1940 , Macdonald 1945 , Nori & Carteri 1964 .
Discussion
The early diagnosis of CSF rhinorrhoea depends largely on an awareness of the possibility of this diagnosis in any patient complaining of a profuse watery nasal discharge. The rhinorrhoea is worse on bending forward. Glucose testing with Clinistix and Tes-Tape is unreliable owing to the presence of sugar (0.035 mmol/litre) in the lacrimal fluid (Kirsch 1967 , Healey 1969 )and biochemical analysis should therefore be carried out. In cases due to pituitary tumours, full examination of the visual fields and air encephalography are essential for estimating the degree of suprasellar extension (Williams 1974) . AIl patients should have a lateral and anteroposterior X-ray of the skull, and a cone view of the pituitary fossa, which if distorted or expanded is an indication for tomography. The empty sella syndrome can be excluded either by an air encephalogram or a CAT scan.
Radiological changes characteristic of a small pituitary tumour may be present in up to 30% of normal people (Swanson & Du Boulay 1975) . Air encephalography is also helpful in determining the volumetric size of the gland, the limits of its extent and the presence of assymetrical growth. Any other structure contributing to the contents of the seIla can also be determined (Morris & Wylie 1974) . Bilateral carotid angiography or cavernous sinus venography will indicate the distance between the carotid syphon on each side, which can vary by as much as 4-14mm (Bergland et al. 1968 ).
FuIl assessment of anterior pituitary function should be carried out. ACTH status should be estimated by measuring the morning and midnight plasma cortisol levels and the response of cortisol and growth hormone to insulin hypoglycaemia. Basal levels of prolactin, TSH, LH, and FSH are measured, and stimulation tests using TRH and LHRF will indicate any abnormality of the hypothalamic pituitary axis. If the pituitary fossa is normal, a non-pituitary intracranial tumour must obviously be excluded.
Localization of the site of the fistula can be difficult and many methods have been described (Fox 1933 , Crow et al. 1956 , Kirchner & Proud 1960 , Teng & Edalatpour 1963 , Jungmann & Peyser 1963 ,Sinanan et al. 1966 .Radioactive iodinated serum albumen (RISA) cisternography is said to give good results (Di Chiro & Grove 1966 , Ommaya et al. 1968 , Jacobson & Maran 1971 , but has been superseded by indium (In l l l ) calcium OTPA injection (Hosain & Som 1972) .The photon yield of RISA is low and there is a high incidence of febrile reactions. In II t is produced carrier free on the cyclotron and emits gamma radiation of 171 and 245 kev. The high photon to radiation ratio (l.8 photons per disintegration) and short life of 2.8 days enables clear scintigrams to be obtained with low radiation doses to the brain and spinal cord. There have been no reports of adverse reactions resulting from the intrathecal, intracisternal or intraventricular administration of pyrogen free preparations of In t t t OTPA.
The adult dose for diagnostic scintiscanning is 0.5-1 millicuries depending on the equipment used and the anticipated duration of scanning. The appropriate dose for children is based on the adult dose adjusted according to CSF volume and body weight. In our experience with pituitary tumours the use of radiopharmaceuticals was not required to demonstrate the site of the CSF leak, although we have used In Itt calcium OTPA in the investigation of a child with post-traumatic CSF rhinorrhoea.
The existence of pituitary lactogenic hormone in man, as distinct from growth hormone, was established by Lewis et al. ( ), whilst Frieson et al, (1971 reported an immunoassay technique for the estimation of serum levels. For many years chromophobe adenomas were considered to be non-functioning, and amenorrhoea which is a common symptom was thought to be due to compression of pituitary tissue containing gonadotrophin-secreting cells by expansion of the tumour. It is now accepted that pituitary tumours can be classified into secreting or non-secreting adenomas irrespective of their histological staining characteristics.
In women with secondary amenorrhoea with or without galactorrhoea, 5-7% will have a prolactin-secreting adenoma and 20% will have raised prolactin concentration (Bergh et al. 1978 , Jacobs & Wright 1978 . Therefore, of the patients with both amenorrhoea and raised prolactin concentrations, one-third will have secreting adenomas, so that prolactinomas account for 75%of the chromophobe adenomas in women (Franks & Nabarro 1977) . Although galactorrhoea may be absent in two-thirds of patients with hyperprolactinaemic amenorrhoea , it may occur in cases of prolactin-secreting microadenomas not large enough to enlarge the pituitary fossa (Vezina & Sutton 1974) and in cases with radiological changes compatible with a pituitary tumour without signs of systemic disease (Forbes et 01. 1954) .
Raised prolactin levels have also been found in over 20% of men with acromegaly and in over one-third of men with so-called functionless chromophobe adenoma (Franks et 01. 1976 , Thorner et al. 1974 . In a group of 29 men with pituitary tumours who had raised serum prolactin, 21 had prolactinomas and 8 had acromegaly. Seventeen of them complained of lack of libido and impotence. Following successful lowering of prolactin concentration by surgery or bromocriptine or both, the serum testosterone increased and potency returned (Franks et 01. 1978) . In most cases of chromophobe adenomas, between one-third and one-half have either amenorrhoea, or decreased libido or impotence (Mogenson 1957 ,Sheline et al. 1964 .
Analysis of the reported cases of chromophobe adenomas with CSF leaks reveals that amenorrhoea was definitely present in 3, although in the remainder the history was inadequate. However, since 50-75% of chromophobe adenomas are prolactin-secreting it seems likely that many were, in fact, prolactinomas. Histologically, chromophobe adenomas vary from 'nonactivity' to 'intense activity ' (Child et al. 1975 ). However, basal concentration of prolactin is reported to correlate well with the size of tumours )and most patients with prolactin levels over 100 j.1g/1 have large adenomas. All of our cases were chromophobe adenomas and two were confirmed as being prolactin-secreting. There have been no previously reported cases of the empty sella syndrome associated with CSF leakage due to a confirmed prolactinoma.
CSF leaks through the cribriform plate or ethmoidal labyrinth should be closed by primary surgery providing that the CSF pressure is normal and any intracranial tumour has been excluded (Vrabec & Hallberg. 1964 ). An intracranial approach has been advocated by various authors (Dandy 1926 , Morley & Hetherington 1957 , Ommaya et al. 1968 ). This enables a muscle or fascial graft to be placed as a patch over the dura and allows a wide exposure. Y-arious mucosal flaps have also been used via an intranasal or extenal ethmoidectomy approach (Dohlman 1948 ,Hirsch 1952 ,Briant & Snell 1968 ,but have been criticized because of limited exposure (Vrabec & Hallberg 1964 ).
An exploration of the pituitary fossa via the trans-sphenoidal route is advocated by most (Williams 1974 , Hardy 1977 , Franks et 01. 1977 . This enables the diagnosis to be confirmed and has the advantage of attempting a definitive cure with full return offertility in the smaller tumours, although postoperative hypopituitarism is a definite risk. A CSF leak can be controlled by the insertion of a free muscle graft. There have been no further CSF leaks in our 3 cases, although a ventriculoperitoneal shunt was necessarily maintained in one patient with a persistently increased CSF pressure, because unless the CSF pressure is normal the leak will recur. Prolactin levels that remain elevated postoperatively can be suppressed by secondary treatment with bromocriptine, although whether primary long-term treatment with bromocriptine will reduce the size of an established prolactinoma is at present unknown (Varidya et 01. 1977) . It is also notable that in 2 of our cases a previous intracranial approach had failed to control the CSF leak.
Since cases of CSF rhinorrhoea due to pituitary tumours are likely to have a raised serum prolactin or show histological evidence suggestive of hypersecretion, a biopsy should be sent for histological examination including electron microscopy when available. Postoperative radiotherapy to the pituitary fossa is indicated as it is almost impossible to remove all tumour tissue completely, whether employing a transfrontal craniotomy, a trans-sphenoidal operation or a combination of both. Weare currently evaluating a new instrument which we hope will enable a more adequate clearance of large tumours to be carried out by a trans-sphenoidal approach.
